A "plasmid-curing effect" of multiresistant Escherichia coli by flavophospholipol, an antibiotic used as an antimicrobial growth promoter (AMGP) in animal feeds, has been reported to occur in vitro and in vivo under experimental conditions. In this study, the effect of flavophospholipol under field conditions was studied. The prevalence and degree (proportion of resistant strains to the total numbers present per gram of feces) of resistance of indicator bacteria, E. coli and enterococci, was determined in fecal samples from three groups of pigs that were fed a commercial finisher feed without any AMGP. Group A was the negative control group without any AMGP, group B received the same feed with 9 mg of flavophospholipol/kg of feed (study group), and group C received the same feed with 15 mg of avoparcin/kg (positive control). Fecal samples from each pig were collected at the start and at the end of the study and assessed for the prevalence and degree of resistance against antibiotics commonly used either for therapy in pig medicine or as an AMGP. Before the start of the study, all pigs were colonized with multiresistant E. coli by mixing three resistant pig isolates through their feed after disturbance of the colonization resistance of the intestinal flora by a 3-day course of lincomycin and spectinomycin. At the end of the study, the overall prevalence and degree of resistance of E. coli in the fecal flora had increased significantly in groups A and C but remained at the same level as at the start of the study in group B. The prevalence of vancomycin resistance was 44 and 41% in groups A and B, respectively, but only very low numbers of vancomycin-resistant enterococci (VRE) per gram of feces were found. In the avoparcinfed group, the prevalence was 72%, and in 57% of the samples, more than 50% of all enterococci present were vancomycin resistant. The prevalence of resistant Enterococcus faecalis increased only in the flavophospholipolexposed group, from 23% before the start of the study to 43% at the end of the study. It was concluded that flavophospholipol effectively suppressed the augmentation and dissemination of multiresistant E. coli in the intestinal flora of fattening pigs. Avoparcin use strongly selected for VRE carriage and excretion. Therefore, as neither flavophospholipol nor any related molecule is used therapeutically, no cross-resistance with therapeutic antibiotics exists and no transmissible resistance has been shown; the major decrease in resistance in intestinal E. coli of flavophospholipol-fed animals seemed to outweigh the small increase in the risk of transfer of flavophospholipol-resistant E. faecalis from animals to humans via the food chain.
The most effective way to decrease the prevalence and degree of resistance in fecal indicator bacteria is to reduce the amount of antibiotics used in a population. In food animals, antibiotics are not only used for therapy and prevention of bacterial infections but are also added continuously to animal feeds as antimicrobial growth promoters (AMGP) to enhance growth, improve feed conversion, and decrease waste production. In Europe, more than 30% of all antibiotics used in animals are used for growth promotion, but in some countries this percentage is even higher, e.g., in The Netherlands it is nearly 50% (56) . This continuous feeding of antibiotics to animals causes a strong selection force for resistance against these and related antibiotics in particular (cross-resistance) and, via coselection, for multiresistance against other antibiotics the resistance genes for which are located on the same plasmid. This is the reason that several groups have proposed phasing out the use of antibiotics as AMGP (10, 21, 29, 42, 47) .
The most important route of emergence and dissemination of resistance in bacteria in the gut is the spread of plasmids carrying resistance genes among the many species of bacteria in the intestinal flora of animals. Thus, if there were a safe substance that could be fed to animals to either eliminate resistance plasmids from intestinal bacteria or prevent the transfer of these plasmids among the bacteria, the prevalence and degree of resistance of bacteria in the intestinal flora of animals might be reduced significantly. A "plasmid-curing" effect in Escherichia coli and other members of the family Enterobacteriaceae has been described for mitomycin, rifampin, and flavophospholipol and for nonantibiotic substances such as acridine orange, acriflavine, and nitroacridine II (7, 12) . Of these molecules, only flavophospholipol has been licensed for use in pigs, calves, and poultry. Further research, however, has shown that flavophospholipol, as described for another phospholipid antibiotic, macarbomycin (36) , had no plasmid-curing effect but selectively inhibited the growth of bacteria harboring certain plasmids. Normally, the MIC of flavophospholipol for E. coli isolates is Ͼ64 mg/ liter, but in these plasmid-bearing strains, MICs range from 0.125 to 5 mg/liter (36) . Therefore, flavophospholipol inhibits the growth of bacteria harboring certain R plasmids, but it has no effect on other strains (22, 46; T. Watanabe, Y. Ogata, K. Sugawara, and K. Oda, Proc. 7th Int. Congr. Chemother., abstr. A- 8/11, 1971) . Moreover, in vitro, flavophospholipol decreases the transfer frequency of some R plasmids in E. coli but has no effect on the transfer of other types of R plasmids (34, 48) . These differences are most likely caused by an increased susceptibility to flavophospholipol of enterobacteria with sex pili and pilin protein precursors in the bacterial cell wall, and it has been speculated that flavophospholipol can enter the gram-negative bacterial cells via these structures (Watanabe et al., Proc. 7th Int. Congr. Chemother.).
Corpet, using a mouse model, showed that animals given flavophospholipol in their drinking water had significantly fewer tetracycline-resistant E. coli cells in their feces than control animals (11) . Also, in studies with limited numbers of pigs and calves, addition of flavophospholipol to the feed as an AMGP caused a decrease in resistance against ampicillin, tetracyclines, streptomycin, and/or sulfonamides in fecal E. coli and/or salmonellae (13-15, 45, 49, 50) . Rifampin has also been shown to decrease the prevalence of multiresistant E. coli in the fecal flora of pigs (30) .
Flavophospholipol, also known as bambermycin or moenomycin, is a phosphorus-containing glycolipid antibiotic in which the lipid moiety (moenocinol) is a C-25 compound structurally analogous to undecaprenylphosphate (43) and is produced by a group of Streptomyces spp. including Streptomyces ghanaensis (12, 27, 52, 62) . It inhibits peptidoglycan synthesis in the cell wall by inhibiting peptidoglycan polymerases through impairment of the transglycolase activities of penicillin binding proteins (PBPs) (26, 59, 60) . There is, however, no crossresistance between ␤-lactam antibiotics and flavophospholipol, as they act on different PBPs (41) .
Flavophospholipol is mainly effective against gram-positive bacteria, i.e., staphylococci and streptococci, because it cannot penetrate the outer membrane of gram-negative bacteria. However, some activity against Pasteurella spp. and Brucella spp. has been reported (26) . The spectrum of flavophospholipol is similar to that of penicillin and to some extent to that of macrolides. Enterobacteria, such as salmonellae and E. coli, are only slightly susceptible (34) .
As flavophospholipol is not used therapeutically, no official breakpoints for resistance have been determined, and very few data on acquired resistance against flavophospholipol are available. Clostridium perfringens and Enterococcus faecium are considered intrinsically resistant (16, 19, 20) , but susceptible strains of E. faecium have been reported recently (2) . Differences among the PBPs in different species of enterococci might explain the different susceptibilities among enterococcal species (63) . In a large collection of Staphylococcus aureus isolates from chickens and chicken slaughterers, no resistance against flavophospholipol was detected (25) .
No publications about genes conferring resistance to flavophospholipol, transfer of resistance, or other resistance determinants in bacterial hosts were found, and no cross-resistance with other nonphosphorolipid class antibiotics has been described.
At the moment, flavophospholipol is used as an AMGP in pig, calf, and poultry feeds only. Neither flavophospholipol nor any related molecules are used for therapy in human or veterinary medicine.
Limited information is available on the effect of flavophospholipol-containing feeds on the intestinal flora of food animals, and the results of studies vary. In studies with pigs and calves, the duration of excretion and the numbers of salmonellae excreted were reduced (13) (14) (15) , but in other studies using chickens, a decrease (5), no effect (23, 28) , or a slight increase in excretion (44) was observed. Flavophospholipol has been shown to reduce the numbers of C. perfringens cells in the fecal flora of chickens despite the organism's lack of susceptibility in vitro (5, 51) . Aim of the study. This study was performed to examine the effect under field conditions of the use of flavophosholipol (Flavomycin; Intervet International, Wiesbaden, Germany) as an AMGP (9 mg/kg) in pig feed on the prevalence and degree of antibiotic resistance of E. coli and enterococci in the fecal flora of fattening pigs.
MATERIALS AND METHODS
Animals. Three groups of fattening pigs, originating from the same breeder, were individually weighed at arrival and, based on weight and gender, equally divided into three groups of 56 animals each. Each group was housed in a separate compartment of the same pig stable under identical conditions. The animals had free access to feed, and water was supplied twice daily. Once daily, the animals were observed by an animal caretaker for general health status and for any clinical symptoms of disease, to insure a constant feed and water supply, and to check the proper functioning of heating and ventilation systems. The amounts fed to the pigs were recorded separately for each compartment. During the loading of the truck for transport to the abattoir, all pigs were individually weighed again.
During the first 4 weeks after arrival at the farm, all pigs were fed a starter pig diet containing 100 mg of tylosin (Tylan-100 premix 10%; Elanco Animal Health, Nieuwegein, The Netherlands)/kg, and during the study period, i.e., from week 5 until slaughtering at week 17, they were fed the same commercial finisher pig feed with the exception of differences in inclusions of AMGP. The pigs in compartment A (negative control) received feed containing no AMPG, those in compartment B (study group) received feed containing 9 mg of flavophospholipol/kg, and those in compartment C (positive control) received feed with avoparcin (15 mg/kg). During the study period, each person entering a compartment had to wash his or her hands and change into overalls and boots that were assigned to that compartment (different colors).
Colonization of the animals with multiresistant E. coli. Immediately after arrival, all animals were treated orally with a lincomycin-spectomycin combination (Lincospectin 12.5%; Pharmacia & Upjohn Animal Health, Woerden, The Netherlands) for 3 days to disturb the intestinal flora and facilitate colonization by multiresistant E. coli strains. Lincospectin 12.5% (240 g) was dissolved in 2,400 ml of water. One hundred milliliters of this solution was thoroughly mixed through 7 kg of pig feed, and the feeding trough of each pen was filled with this mixture on days 1, 2, and 3. Overnight cultures of three multiresistant nonpathogenic E. coli strains, originally isolated from pig feces in a former study (39) , in 800 ml of brain heart infusion (CM225; Oxoid, Basingstoke, United Kingdom) were mixed together, resulting in an E. coli mixture containing approximately 1.5 ϫ 10 9 CFU of each strain per ml. Of this mixture, 13 ml was mixed through 1 kg of pig feed. After the troughs were emptied, if necessary, on the morning of day 3, 7 kg of feed, mixed with the bacterial suspension containing 4 ϫ 10 11 CFU of E. coli and the antibiotic solution, was provided to each pen containing seven animals. On days 4 and 5 again a freshly prepared culture identical to that used on day 3 but without the antibiotic solution was mixed through the feed, and again 7 kg was supplied to each pen.
Feces sampling. During week 4, individual fecal samples of approximately 25 g from all pigs present in the three compartments were collected directly from the anus in plastic containers marked with the identification code of the pig and stored in a cool box with ice bags for transport to the laboratory. On the day of collection, the fecal samples were diluted 1:10 in the laboratory in peptone water containing 20% (vol/vol) glycerol, kept overnight at 4°C, and then frozen at Ϫ70°C and subsequently stored at Ϫ20°C until they were assayed. The same procedure was repeated in week 10 of the study and just before the pigs were slaughtered.
Bacteriological analysis. After being thawed, the samples were inoculated on selective media with and without antibiotics. For E. coli, 37 l of 10 Ϫ1 , 10 Ϫ3 , and 10 Ϫ5 dilutions in 0.9% sodium chloride solutions were inoculated on eosin
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methylene blue agar plates (CM 69; Oxoid) using a spiral plater (Salm en Kip, Utrecht, The Netherlands); for enterococci, KF-Streptococcus agar plates (CM701; Oxoid) with the 10 Ϫ1 , 10 Ϫ2 , and 10 Ϫ3 dilutions were used. For trimethoprim testing, 5% lysed horse blood was added to the agar. The antibiotics tested and the concentrations used are shown in Tables 1 and 2 . These antibiotics were selected because of common use in human and veterinary medicine, as AMGP, or as having known cross-resistance with AMGP.
E. coli grows on eosin methylene blue agar as purple colonies with black centers and a metallic shine. Only these colonies were counted after 18 to 24 h of incubation at 37°C. The minimum detection level was 300 CFU per g of feces.
It has been shown that more than 95% of the colonies presumptively identified in this way are E. coli (41) and that the MICs for all isolates from antibioticcontaining plates were identical to or higher than the concentrations of the antibiotics in the selective plates from which they had been isolated (6, 35, 39) .
Enterococci typically appear as red or pink colonies on KF-Streptococcus agar. After 48 h of incubation at 42°C, only the typical pink colonies were counted. One randomly sampled typical colony was collected from each KF-Streptococcus agar plate without antibiotics and identified using generally accepted methods (18) . All isolates proved to belong to the genus Enterococcus. The minimum detection level was 300 CFU/g of feces. For the prevalence of resistance against flavophospholipol, a specimen was only considered positive if at least one Enterococcus faecalis cell was isolated and identified from the flavophospholipolcontaining agar plate. For this reason, for flavophospholipol, only the prevalence of resistance could be calculated. In a previous study using the same methodology, the MICs for all enterococci were identical to or higher than the concentrations of the antibiotics in the selective plates from which they had been isolated (55) .
Identification of and determination of MICs for enterococcal isolates. From each antibiotic-free control plate, one colony was randomly picked and identified using API-strep (Api-Benelux, Den Bosch, The Netherlands) and the criteria of Devriese et al. (17, 18) .
The MICs for the isolates were determined using the NCCLS agar incorporation method. E. faecalis (ATCC 51299) was used as the control strain.
Statistical analysis. To estimate the differences in prevalence and percentages of a high degree of resistance among the groups, Pearson's chi square test and, where appropriate, Fisher's exact test were used. For the degree of resistance, a one-way analysis of variance was used to estimate overall differences between the group means. Group means were compared in pairs using the Student t test to control for overall error rate (Bonferroni test), and a P value of Ͻ0.05 was regarded as statistically significant.
Definitions. The prevalence of resistance (percent) in the population for a certain antibiotic was calculated as the number of samples showing growth of E. coli or enterococci on the plates containing that antibiotic divided by the total number of samples tested times 100%.
The degree of resistance (percent) of each fecal sample to each of the antimicrobial agents tested was calculated as the number of CFU growing on the plate containing that agent divided by the total number of typical colonies on the antibiotic-free control plate times 100%.
The mean degree of resistance to an antibiotic was defined as the mean of the degrees of resistance against that antibiotic of the samples that were found to contain E. coli or enterococci resistant against that antibiotic.
RESULTS
During the study, six animals died (one in group A, two in group B, and three in group C), mostly from endocarditis. Apart from some respiratory problems in individual animals, a few abscesses, and a broken pelvis, there were no serious health problems observed during the study. The numbers of individual antibiotic treatments for either respiratory problems or severe wounds caused by fighting were four injections in group A, eight in group B, and eight in group C. The majority of these treatments were given during the first 3 weeks after the arrival of the pigs at the farm. Apart from the studied AMGP and six injections with a combination of procaine benzylpenicillin and dihydrostreptomycin sulfate (Streptoprocpen; AUV, Cuijk, The Netherlands), no antibiotics were given therapeutically or as prophylactics during the study period. There were no statistically significant differences in growth rate and feed conversion among the three compartments. E. coli. The mean Ϯ standard error of the mean of the total numbers (log 10 CFU per gram of feces) of E. coli cells in the fecal samples of all pigs collected at the start of the study was 6.5 Ϯ 0.1. There were no significant differences among the three compartments at the start of the study. At the end of the study, in compartment B, the total number of E. coli cells (6.2 Ϯ 0.1) was significantly lower than at the start, and in compartment A, the total number (6.9 Ϯ 0.1) was higher (P Ͻ 0.05). For compartment C (6.4 Ϯ 0.1), there was no significant difference. The total number of E. coli cells in compartment A at the end of the study was significantly higher than those in compartments B and C (P Ͻ 0.05).
The prevalence and mean degree of resistance of resistant E. coli in the fecal samples of the pigs collected at the start of the study and at the end of the study are shown in Table 1 . No differences among the three compartments were observed at the start of the study (data not shown). There was no difference in prevalence of resistance at the start compared with the prevalences found at the end of the study in all three compartments for ampicillin, streptomycin, oxytetracycline, trimethoprim, sulfamethoxazole, and the combination of ampicillin and oxytetracycline. The prevalence of chloramphenicol resistance increased significantly (P Ͻ 0.001) during the study in all three compartments, but gentamicin resistance increased significantly only in compartment A (P Ͻ 0.001). At the end of the study, the prevalence of resistant E. coli in fecal samples from compartment B was significantly lower for gentamicin than in samples from compartments A and C (P Ͻ 0.001).
Similar differences were obtained in comparing the mean degree of resistance found before the start of the study and in the three different groups at the end of the study. In the compartments without flavophospholipol, A and C, the mean degree of resistance for all antibiotics tested was significantly (P Ͻ 0.05) higher at the end of the study than at the start of the study. Exceptions were, as shown in Table 1 , the mean degree of gentamicin resistance, which did not change in any of the three groups during the study period, and the mean degree of chloramphenicol resistance, which increased only in group C. In contrast, in the flavophospholipol-exposed group, the mean degree of resistance to the tested antibiotics did not change during the study and even decreased significantly for oxytetracycline. Comparison of the mean degrees of resistance to the tested antibiotic of the different compartments at the end of the study showed that for nearly all antibiotics the mean degree of resistance was significantly lower (P Ͻ 0.05) in the flavophospholipol-exposed group B than in either of the other groups. As a typical example, the differences in ampicillin-and oxytetracycline-resistant E. coli in fecal samples of all pigs at the start of the study and at the end in compartments A, B, and C is shown in Fig. 1 by means of a box plot.
Enterococci. At the start of the study, there were no differences among the three compartments, and the mean Ϯ standard error of the mean of the total numbers (log 10 CFU per gram of feces) was 5.0 Ϯ 0.1. At the end of the study, the total numbers of enterococci in all three compartments were significantly higher than at the start (P Ͻ 0.05). At the end of the study, the total numbers of enterococci in fecal samples from compartments A (5.5 Ϯ 0.1) and B (5.4 Ϯ 0.1) were significantly (P Ͻ 0.05) lower than in those from compartment C (6.0 Ϯ 0.1), but no significant difference was found between compartments A and B.
The prevalence of resistant enterococci and the percentage of samples with a high proportion (Ͼ50%) of resistant enterococci in the fecal samples from pigs collected at the start and at the end of the study are shown in Table 2 .
No differences among the three compartments were observed at the start of the study (data not shown). There was no significant difference in prevalence of resistance found in samples taken before the start and at the end of the study for ampicillin and erythromycin. In all the compartments, the prevalence of gentamicin resistance was lower at the end of the study than at the start (P Ͻ 0.001), but in compartment A it was also significantly lower than in the other two compartments (P Ͻ 0.01). The prevalence of vancomycin resistance increased significantly in all three compartments (P Ͻ 0.001). The prevalence in groups A and B increased to approximately 44%, but only very few vancomycin-resistant enterococci (VRE) were present in the positive fecal samples; i.e., the degree of vancomycin resistance remained low, mostly only 1 to 2%. In compartment C, however, the prevalence of VRE was not only significantly (P Ͻ 0.01) higher than in compartments A and B, but also, the mean degree of resistance was significantly higher and approximately 90% of the enterococci excreted by these animals were VRE (Table 2 and Fig. 2 ). The prevalence of flavophospholipol-resistant E. faecalis decreased during the study in compartment A and increased significantly (P Ͻ 0.05) in compartment B.
Identification and MIC distribution. The identifications of the single isolates from fecal samples collected before and at the end of the study are shown in Table 3 . There were no significant differences in species and MIC distribution among the three compartments at the start of the study (data not shown). A replacement of E. faecium during the study by E. faecalis, considered intrinsically flavophospholipol-resistant, was observed in the flavophospholipol-fed animals.
All isolates were resistant to erythromycin (MIC Ͼ 64 mg/ liter).
The MIC distributions of the E. faecium, E. faecalis, and Enterococcus durans isolates are shown in Table 4 .
DISCUSSION
After arrival at the farm but prior to the study, all pigs were vaccinated against commonly occurring pig diseases and given tylosin for 4 weeks to minimize the chance of an infectious disease outbreak during the study period that would have re- To ascertain that multiresistant E. coli was present in all three study groups, three strains of multiresistant E. coli were mixed through the feed of all animals. To facilitate colonization by at least one of these strains, the colonization resistance (CR) of the intestinal tract had been disturbed by a short course of antibiotics with high activity against the obligate anaerobic flora (58, 61) . Except for a few parenteral treatments of individual pigs, no antibiotics other than the studied AMGP were given to the pigs during the study period. In a comparison of the three groups of pigs, the growth rate and feed intake tended to be less in the group of animals not receiving any AMGP than in the other two groups. This resulted in slightly better feed conversion. However, it was not statistically significant. The total numbers of E. coli cells and enterococci per gram of feces at the start of the study were of the same order as the results obtained in a former study (53) . The total numbers of enterococci per gram of feces increased during the study in all three groups, but significantly more in the avoparcin-exposed group. In contrast, the total numbers of E. coli cells decreased in the flavophospholipol group, increased in the negative control group, and remained stable in the avoparcin group. According to the concept of CR, (part of) the endogenous obligate anaerobic flora limits the concentration of (potentially) pathogenic bacteria in the intestinal tract (57, 58) . Impairment of the CR of the intestinal tract causes an increase in the fecal concentration of facultative aerobic enterobacteria as well as enterococci, if resistant (or nonsusceptible) strains are present (61) . At the end of the study, the total numbers of both E. coli cells and enterococci per gram of feces were lower in the flavophospholipol group than in the avoparcin group. Within the flavophospholipol group, the total number of E. coli cells was lower at the end than at the start of the study. The total number of enterococci in the fecal flora of flavophospholipol-exposed pigs increased during the study, but less than in the other two groups of pigs. Therefore, it might be concluded that in flavophospholipol-treated animals the CR was not affected or was less affected than in either of the other groups of pigs. The increase in the numbers of E. coli cells in the negative control group A is difficult to explain but might have been caused by bacterial overgrowth in the small intestinal tract, which was controlled in the other groups by the AMGP. As the CR of the intestinal tract also protects against colonization with salmonellae, these observations are in concordance with the results of others. In flavophospholipol-fed pigs, a reduction in the number of salmonellae per gram of feces and in the duration of excretion of salmonellae has been observed (15) . In avoparcin-fed animals, however, the minimal infectious dose of salmonellae is decreased and numbers and duration of excretion are increased compared to controls (3, 4, 24) . E. coli. Resistance in fattening pigs increases with age, crowding, and stress, caused by, e.g., high temperatures and transport (8, 33, 37) . Some of these factors might be interrelated, such as age, transport, and holding time at the abattoir. It has been shown that in pigs the proportion of resistant E. coli is higher in the fecal contents than in the colon. Stress enhances the transit time in the intestinal tracts of pigs and thus the numbers of resistant bacteria per gram of feces, because these numbers are higher in the cecum (37) . In this study, there were neither differences in housing conditions nor other stress factors or relevant differences in therapeutic use of antibiotics among the three study groups. Therefore, the observed differences must be due to the differences in the AMGP supplied. The observed high prevalence of antibiotic-resistant E. coli is in accordance with previous studies (40, 53) . Resistance against nearly all antibiotics with the exception of chloramphenicol and gentamicin was found in almost all pigs at the start and at the end of the study. It was interesting that in groups A and C the degree of resistance to ampicillin, streptomycin, oxytetracycline, trimethoprim, and the combination of oxytetracycline and ampicillin was significantly higher at the end of the study than at the start. In the flavophospholipol group, however, the degree of resistance remained on the same order for almost all antibiotics and was even lower for oxytetracycline. The animals in this group excreted considerably lower numbers of resistant E. coli cells in their feces, indicating that the reservoir of resistance genes present in the intestinal flora of these animals was much smaller than in the other two groups. Flavophospholipol in a concentration of 9 mg/kg added to the feed of fattening pigs prevented either overgrowth by resistant strains or transmission of plasmids carrying resistance genes among intestinal E. coli of these animals. Both phenomena have also been observed in vitro (7, 22, 34, 46) and in vivo in experiments with small numbers of animals kept under laboratory conditions (13) (14) (15) . Consequently, the chance for transfer of resistance genes to other bacteria in the intestinal tracts of these animals, and the risk of transfer of resistant E. coli via meat (products) to humans, decreased as well.
Enterococci. The observed high prevalence and degree of resistance of enterococci in all three groups against erythromycin were to be expected. Just before the start of the study, all of the animals were treated with tylosin, which is known to select for erythromycin resistance in fecal enterococci of pigs (1, 9) .
At the start of the study, the number of VRE in all pigs was below the detection level of the method used. The increase in both prevalence and degree of resistance in the avoparcin-fed group was most striking. Of all excreted enterococci per gram of feces in VRE-positive animals, 71% were VRE. Prevalence of VRE among Dutch pigs used to be very general as a result of the common use of avoparcin as an AMGP. Since avoparcin has been banned as an AMGP, the prevalence and degree of resistance have been gradually declining (54) . Therefore, it is most likely that at the start of the study a few animals carried VRE below the detection level. Because of exposure to avoparcin, these had been selected out and disseminated extensively in group C. The increase in the other groups is more difficult to explain, but an increase in the prevalence and degree of resistance of VRE in pig herds not exposed to avoparcin with increasing age of the animals has also been described by others (8) . Because of the thorough separation of the compartments during construction and strict barrier procedures, cross-contamination was not considered a large risk, but it could not be absolutely excluded. However, if despite all preventive measures taken some carryover of resistant bacteria occurred during the study period, this could only have decreased the observed differences among the three groups of animals. Gentamicin resistance, however, was reduced in the avoparcin group during the study and was significantly lower at the end of the study than in either of the other groups. This might have been due to a replacement of gentamicin-resistant non-E. faecium enterococcal species by vancomycin-resistant E. faecium strains. Vancomycin resistance is more common in E. faecium, and gentamicin resistance is more common in E. faecalis, as indicated in Table 4 . The prevalence of flavophospholipol-resistant E. faecalis increased in the flavophospholipol group during the study, but the numbers of flavophospholipol-resistant enterococci excreted per gram of feces (degree of resistance) even decreased.
The results of the MIC determinations of single isolates clearly indicated that mass medication with tylosin causes a selection and spread of erythromycin resistance in all enterococcal species. Avoparcin selects for vancomycin-resistant E. faecium. Like E. faecium, E. durans is probably nonsusceptible to flavophospholipol, which is not very surprising, as E. durans is closely related to E. faecium and has long been considered a subtype of that species (38) . However, in this study, vancomycin resistance was not observed in E. durans. No resistance against flavophospholipol emerged during the study in the flavophospholipol-fed group B or in the avoparcin group, but nearly all E. faecalis cells were eradicated from the fecal flora of pigs in these two groups, as shown in Table 3 .
Conclusions. As was to be expected from the results reported in other publications (2, 32, 64) , the use of avoparcin as an AMGP selected strongly for vancomycin-resistant enterococci in the fecal flora of exposed pigs. It was not surprising that in the flavophospholipol-fed group the prevalence of intrinsically flavophospholipol-resistant E. faecalis increased at the expense of E. faecium, a species which is generally susceptible. This selection was also observed in another study in which pigs were fed mupirocin as an AMGP (31) . E. faecalis is also intrinsically resistant to mupirocin, and E. faecium is generally susceptible. However, despite this, the prevalence and mean degree of resistance of flavophospholipol-resistant enterococci also decreased during the study in the flavophospholipol group, but less than in either of the other groups.
Addition of flavophospholipol to the feed almost totally prevented the increase in numbers of resistant E. coli cells in the fecal flora of group B. As a result, the numbers of resistant E. coli cells excreted with the feces in the flavophospholipol group were significantly lower than in the other two groups. Consequently, use of flavophospholipol as an AMGP might decrease the risk of dissemination of resistant gram-negative bacteria and plasmid-mediated resistance genes from animals to humans via the food chain. In a risk-benefit analysis, the benefits of adding flavophospholipol to pig feed in order to reduce resistance might be considered greater than the potential risk of selection for flavophospholipol-resistant E. faecalis in the intestinal tracts of pigs and transfer to humans. However, as this study was performed on only one farm with pigs previously colonized with only three multiresistant E. coli strains, the results have to be confirmed in a field study comparing pigs from a number of different farms using flavophospholipol as an AMGP with others that do not. It would also be interesting to investigate whether the addition of flavophospholipol to pig feed prevents an increase in the prevalence and degree of antibiotic-resistant E. coli in the intestinal tracts of animals when they are treated with antibiotics, such as ampicillin, oxytetracycline, and trimethoprim-sulfonamide combinations.
